We examine the accuracy and bias of intrinsic equity prices estimated from three accounting-based valuation models using analyst's earnings forecasts over a four-year horizon. The models are: (a) the earnings capitalization model, (b) the residual income model without a terminal value, and (c) the residual income model with a terminal value that assumes residual income will grow beyond the horizon at a constant rate determined from the expected residual income growth rate over the forecast horizon. Our analysis is based on valuation errors that are calculated by comparing estimated prices to actual prices. We contribute to the literature by examining whether: (i) the analysts' earnings forecasts convey information about value beyond that conveyed by current earnings, book value and dividends, (ii) the use of firm specific growth rates in terminal value calculations results in more unbiased and accurate valuations than the use of constant growth rates, and (iii) different models perform better under different ex-ante conditions.
Introduction
This paper examines the accuracy and bias of intrinsic equity prices estimated from three accounting-based valuation models using analysts' earnings forecasts over a four-year horizon. In particular, our analysis attempts to determine ex-ante conditions under which each of the models exhibits high accuracy and low bias. The three models are: a) the earnings capitalization model, b) the residual income model without a terminal value, and c) the residual income model with a terminal value which is based on the assumption that residual income will grow beyond the horizon at a constant rate determined from the expected residual income growth rate over the forecast horizon. The performance of these three models is compared to the performance of two benchmark models: a) the current book value of equity model, and b) the current earnings model. We do this comparison to examine whether the analysts' earnings forecasts convey information about value beyond that conveyed by the two summary accounting numbers reported on a firm's financial statements.
1
We are motivated to do this study for the following reasons. First, recent research by Penman and Sougiannis (1998) and Francis et al. (2000) comparing the performance of dividend, free cash flow, and accounting valuation models has documented a superior performance for the accounting models in finite horizon valuations. 2 Thus, we feel that this finding calls for further focus on the implementation of the accounting-based models.
Second, although the three accounting models are equivalent in infinite forecast horizons, simple algebraic comparisons indicate that in finite horizons their prices will differ depending on the magnitudes and signs of the present values of the expected residual income and terminal value. Thus, which model will yield the most accurate and unbiased
price and under what conditions is an empirical issue. Theoretically, for the residual income model without a terminal value (RIM), and the earnings capitalization model (CM), estimated prices without error are limited to firms with expected zero premium/discount (for RIM) or expected zero change in premium/discount (for CM) at the horizon. 3 In cases where these two models exhibit low accuracy, the residual income model with a terminal value must be used. The terminal value is an estimate of the expected premium/discount at the horizon that is used to increase accuracy and reduce bias.
Third, finding ex-ante determinants of valuation errors is interesting and with practical importance. Consider an analyst, investor or researcher who at a specific point in time and for a particular firm has obtained 1) the firm's financial statements, and 2) forecasts, over a certain horizon, of the firm's future earnings, book values and dividends. Then, in implementing the valuation step of fundamental analysis he/she has to choose an accounting-based valuation model that will result in the most reliable intrinsic value. 4 Obviously, some guidance on how to choose among the alternative models, based on the available actual and forecasted information, can be valuable.
We view our incremental contribution to the literature as being threefold. First, we calculate terminal values in implementing the residual income model by using firm specific growth rates implied by the firm's expected residual income stream. Prior studies such as Penman and Sougiannis (1998) , and Francis et al. (2000) have used a constant growth rate of 4% across all sample firms. We feel that it is important to examine whether the use of firm specific growth rates, which should be more consistent with the valuation of individual firms in practice, results in more unbiased and accurate valuations than the use of constant growth rates. Second, our analysis for discovering ex-ante determinants of valuation errors for the different models extends that of Penman and Sougiannis (1998) by the inclusion of additional variables. Third, our examination of whether analysts' earnings forecasts convey information about value beyond that conveyed by reported earnings and book values generalizes prior findings. In particular, we use consensus earnings forecasts over the maximum four-year horizon provided by analysts while Dechow et al. (1999) use only one year ahead forecasts and Francis et al. (2000) use multi-year forecasts from only one analyst, Value Line.
We carry out the empirical work using reported financial statement information and available analysts' earnings forecasts over a four-year horizon for a large sample of publicly traded US firms as reported by IBES Inc. over the period 1981-98. Our analysis is based on ex-ante valuation errors that we obtain by comparing estimated prices to market prices.
These comparisons are made under the assumption that market prices are efficient with respect to earnings forecasts.
Our empirical results suggest the following. First, the three multi-period models estimate significantly less biased and more accurate prices than the two benchmark current-period models. Furthermore, the earnings forecasts at each horizon convey new value relevant information and thus each model's valuation errors decline monotonically as the horizon increases. Thus the analysts' earnings forecasts convey information about value beyond that conveyed by reported earnings and book values. Second, we faced serious difficulties in imputing firm specific residual income growth rates from the firm's expected residual income stream. Only 17% of the imputed growth rates could be used in terminal value calculations. In many cases the rates were very close to the discount rate thus leading to unrealistically large intrinsic prices. Also in many cases the growth rate was larger than the discount rate making terminal value calculations impossible. Calculating terminal values using firm-specific growth rates for 17% of the observations and a constant rate of 4% for the remaining 83% of the observations resulted in only marginally more unbiased and accurate valuations than using a constant 4% growth rate across all observations. Third, none of the models dominates in all cases. Different models are appropriate for different conditions. The conditions for choosing the appropriate model relate to ex-ante growth indicators such as the current book-to-market, earnings-to-price, dividend-to-price ratios, the present value of the expected residual income over the forecast horizon, the growth rate in expected earnings, and firm size. Fourth, in all models estimated prices are, on average, biased and inaccurate and they explain at best 70% of the variation in market prices. We examined the quality of the earnings forecasts and the quality of the GAAP earnings as two possible reasons for these results. Our tests provide evidence consistent with both of these reasons. In particular, we find that the poor model performance is due to information missing from the forecasts but not due to bias in the earnings forecasts. We investigated the quality of the GAAP earnings in two cases for which the analysts' forecast horizon accounting earnings may not convey the information the market requires to value a firm: a) the use of conservative accounting in R&D intensive firms, and b) the presence of losses in new to the market firms. In both cases each model's performance was significantly lower than that in control samples of low R&D intensity firms and new to the market firms with profits. We suggest that alternative reasons related to model specification and to market efficiency be investigated in future research.
In section 2 we outline the valuation models and their finite horizon properties. In section 3 we describe the data and discus some implementation issues. In section 4 we present the empirical results, and in section 5 we summarize and conclude the paper.
The Valuation Models
In recent theoretical work Ohlson (1995) 
that approaches the (infinite horizon) price of the dividend discount model, P t , as T approaches ∞. In (1) B t is the current book value of equity, ρ is one plus the discount rate, E is an expectation conditional on information at time t, and
is residual income at t+τ. In finite horizon implementations of RIM the valuation error (or terminal value calculation) for horizon T is given by
That is, the valuation error equals the present value of the expected premium/discount at the horizon. Therefore, the horizon is determined at the point t+T at which the expected premium/discount becomes zero or, equivalently, the present value of expected residual income becomes zero [and thus P t = P t T (RIM)]. The implication is that RIM is more appropriate for firms with decreasing expected premium/discount or residual income. But what about the case in which expected residual income or premium/discount does not decline? Ohlson (1995) shows that, by using the clean surplus relation to iterate out successive earnings and dividends from book values in (1), the Capitalization Model (CM) yields a price that approaches the (infinite horizon) price of the dividend discount model, P t , as T approaches ∞. The dividend component in (2) appears because, if dividends are paid out in the future, assets are reduced and thus expected subsequent earnings are also reduced. 5 Thus the expectation in (2) is expected aggregated future earnings as if no dividends are paid, or as if all dividends are reinvested in the firm.
In finite horizon implementations of CM the valuation error (or terminal value calculation) for horizon T is
That is, the valuation error equals the capitalized value of the expected change in the premium or discount at the horizon. Therefore, the horizon is determined at the point t+T at which the expected change in premium/discount becomes zero or equivalently the change in expected residual income becomes zero [and thus P t = P t T (CM)]. The immediate implication of (2a) is that CM is more appropriate for firms with constant expected premium/discount or residual income to the forecast horizon.
What about the cases where expected residual income or premium/discount either decreases but does not converge to zero over the forecast horizon, or increases over the forecast horizon? In these cases terminal value calculations are required. For this Penman (1997) suggests combining RIM and CM in deriving appropriate terminal values. In particular, by defining K S as (one plus) the expected growth in the premium/discount (or residual income) over the S periods beyond the horizon T
, Penman provides the following combination (COMBO) model of finite-horizon accounting based valuation:
The last term in equation (3) is a generalized terminal value calculation based on the perpetual growth of residual income beyond the horizon t+T at the rate K S -1. For K S =1 and S=1 the terminal value is equal to the present value of the capitalized residual income at t+T+1, which has been applied by Francis et al. (2000) , Frankel and Lee (1998) , Lee et al. (1999) , and Penman and Sougiannis (1998) . Setting K S =1 and S=1 implies that the firm's expected premium/discount or residual income will remain constant to perpetuity after t+T. Of course, the cases of K S >1 and K S <1
are also likely for firms with growing or declining expected residual income over the analysts' forecast horizon. Prior studies by Francis et al. (2000) , and Penman and Sougiannis (1998) have assumed the case of K S >1, with values such as 1.02, 1.04, uniformly applied to all sample firms. However, in this study we impute a firm's K S from its expected residual income stream and implement COMBO to examine the accuracy of the estimated prices in this particular case. We view the use of firm specific K S being more appropriate because equity valuation is a task applied on a firm-by-firm basis.
Penman (1997) points out that K S reflects not only earnings power but also measurement error in accounting earnings and book values that results from the consistent application of conservative accounting rules. That is, expected premiums/discounts (or residual earnings) beyond the horizon grow due to the practice of conservative accounting that keeps expected book values lower than normal (in the absence of conservative or aggressive accounting). Thus it is essential that we examine the extent to which such an error is present and affects our results. We therefore test the extent to which conservative accounting affects the accuracy and bias of our estimated prices.
It should be noted that although the above three models are equivalent for an infinite horizon, they differ for a given finite horizon, t+T. Thus, the three models yield three different prices depending on the magnitudes and signs of the present values of the expected residual income and terminal value, as the comparison of the models in the appendix indicates. Which model will yield the most accurate and unbiased price and under what conditions is an empirical issue examined in this study.
The performance of these multi-horizon (T>0) accounting-based models is compared to the performance of two zero-horizon (T=0) accounting-based models pointed out by Ohlson (1995) : the Book Value Model (BVM)
in which current book value is sufficient for all expected future payoffs (by applying the cost of capital to current book value), and the Earnings Model (ERM)
in which current earnings is sufficient for all expected future payoffs (by applying the cost of capital to current earnings).
As Ohlson and Zhang (1999) point out, these two zero-horizon models can be thought of as benchmarks in the evaluation of the multi-horizon models using forecasts. If analysts' earnings forecasts convey relevant information about future expected premiums/discounts, then models based on such forecasts should outperform these two benchmark models.
Data and Implementation Issues

Data
Earnings forecasts are taken from the 1999 summary I/B/E/S tape, which is one of the most comprehensive databases of earnings forecasts in the U.S. Median fiscal-year-end forecasts are used for each firm. These median forecasts are determined from the analyst forecasts available on file with I/B/E/S Inc. as of the third Thursday of the fiscal-year-end month 6 . Earnings forecasts for the current and subsequent four years are available as well as an expected five-year earnings growth rate. We focus our analysis on firms for which either expected five-year earnings forecasts or growth rates are available so that we can utilize the maximum possible four-year horizon. We use the analysts' predicted growth rate, GR, to obtain earnings forecasts for future years not explicitly provided by the analysts. Thus, if for a given firm analysts have provided forecasts for t and t+1, ( ) X and X + , we obtain the forecasts for
Our sample consists of 36,532 firm-year observations over the period [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] . Of these total observations, 22,705 consist of one-year forecasts, 9,420 of two-year forecasts, 1,279 of three-year forecasts, and 3,128 of four-year forecasts. Market prices, reported accounting earnings, book values of equity, dividends, and other accounting variables required for the analysis are taken from the 1999 active and research COMPUSTAT files 7 . The sample includes firms with all possible fiscal year ends. Forecast dates and fiscal year end dates provided by I/B/E/S are used to ensure that the forecasted earnings correspond to the correct fiscal year 8 . The available current and forecasted variables for each firm are used in (1), (2), (3), (4) and (5) to calculate, for each possible horizon, t+T, intrinsic prices P t T (•). These prices are then compared to the actual fiscal-year-end closing market price of the firm at t. Thus the fiscal year end closing price, P t , is assumed to reflect the market's best assessment of the earnings forecasts released only the previous week. Signed percentage and absolute errors are calculated for each firm and for each t+T to examine prediction bias and prediction accuracy, respectively.
Implementation Issues
Discount Rates
In implementing the models we used four alternative measures of the discount rate: a) the risk-free rate (T-Bond rate) for the relevant calendar year plus an equity risk premium of 6 percent per annum for all firms (approximately the historical equity premium reported in Ibbotson and Sinquefield 1983); 9 b) the discount rate given by the capital asset pricing model (CAPM) using the same risk-free rate and risk premium, but with betas estimated for each firm; 10 c) industry discount rates following the procedure employed by Francis et al. (2000) ; and d) a 12 percent rate for all firms and all years as in Dechow et al. (1999) . In terms of bias and accuracy of estimated prices the fixed discount rate of 12 percent had the best performance, with second the risk-free rate plus 6 percent risk premium, third the industry specific rates and last the firm-specific rates. We report results based on the constant rate of 12 percent.
Dividend and Book Value Forecasts
In implementing models (1), (2), and (3) dividend or book value forecasts as well as earnings forecasts are required. However, the I/B/E/S files do not report dividend or book value forecasts and, in general, analysts do not provide these forecasts as consistently as they provide earnings forecasts. Thus we calculated future dividends using a procedure similar to the one employed by Frankel and Lee (1998) . Thus, in each base year t we calculate the mean dividend payout ratio from t-2 to t. Then, we obtain the forecasted dividend at t+1, t+2, etc. by multiplying the mean payout ratio by the analysts' earnings forecast for t+1, t+2, etc. When the mean payout ratio or the earnings forecast is negative we set future dividends equal to dividends at t. When dividends at t are zero we set future dividends equal to zero.
To implement the RIM and COMBO models we use the clean surplus relation to obtain future book values. For example, the predicted book value for the current year, t B , is calculated as
where B t-1 is the observed book value at t-1, x t is the earnings forecast for t, and d t is the predicted dividend at t obtained as explained above. 
The Horizon Issue
In implementing RIM and CM the horizon is four years, i.e. T=4. However, in implementing COMBO the horizon T can take different values depending on what values S (periods beyond the horizon) takes. Specifically, four cases are possible: (1) T=0, S=4, (2) T=1, S=3, (2) T=2, S=2, and (3) T=3, S=1. This implies that more than one K S can be calculated for this sample. Clearly, the choice of T and S is a major issue in implementing COMBO, and for that reason Penman (1997) calls the horizon an "elusive" notion. Since there is no theoretical prescription, the issue is examined empirically in this paper. Thus, we estimate COMBO prices using all possible combinations of T and S and search for the combination that yields the most accurate estimated prices.
4
Empirical Results
Valuation Errors
Valuation errors are measured as where P t is the firm's stock price at t, and P t T (•) is the intrinsic price at t calculated by the relevant model from earnings forecasts up to horizon T. The absolute valuation error is AVE t
Panel A of Table 1 reports summary statistics for signed, VE t T (•), and absolute, AVE t T (•), valuation errors for the pooled sample. The errors for the benchmark models BVM and ERM are for horizon of zero (T=0). The errors for RIM, CM and COMBO are for horizons of one, two, three and four years (T>0). These errors are calculated by increasing the horizon one year at a time.
When forecasts are used, Ohlson and Zang (1999) argue that the monotonic decline in errors may not be the case because of the idiosyncratic nature of the forecasts. In addition, Ohlson and Zang (1999) show that for a given horizon errors can differ across models. We are thus motivated to report and test differences in errors across models and horizons.
This extends Penman and Sougiannis (1998) by showing that valuation errors decrease as the horizon increases with forecasted data as well as with actual data. We report results for two variations of COMBO. In COMBO1 K S is imputed and thus varies across firms (see details below) while in COMBO2 K S =1.04.
The results of Panel A indicate that signed and absolute errors differ across horizons and models in terms of both median and mean values and also in terms of variability 12 . We compare the errors statistically by pooling the observations over the base years 1981-1998 and applying a t-test 13 . Signed and absolute errors of the multi-horizon models RIM, CM, and COMBO are significantly lower than the errors of the zero-horizon models BVM and ERM (t-values are not reported here). In all models median signed and absolute errors decline monotonically as the horizon increases. In addition, we find that the decrease in error from horizon 1 to horizon 4 is statistically significant in all cases.
However, the decreases are not dramatic, implying that most of the value relevant information is conveyed by the ( )
earnings forecasts in the early years of the horizon. The mean errors also decline monotonically in all models with the exception of COMBO1 errors.
In all horizons the results differ significantly across the models. The COMBO1 model yields the lowest mean and median signed and absolute errors while RIM yields the highest. The superior performance of COMBO1 is consistent with Ohlson and Zang's (1999) analytical results. All errors are skewed and their variability increases with the horizon with the exception of RIM errors. Clearly, at horizon 4 the differences between COMBO1 and COMBO2 signed and absolute errors are marginal, although we find them statistically significant. Since COMBO1 errors have higher variability than COMBO2 errors, we cannot argue that imputing firm specific K S is superior to setting K S =1.04 for all sample firms.
Overall, the results of Panel A indicate that earnings forecasts at each horizon convey new value relevant information and thus estimated price bias decreases while accuracy increases as the horizon increases. These results are consistent with Ohlson and Zang's (1999) monotonicity property. However, mean and median signed and absolute errors for RIM and CM are significantly larger than zero implying that estimated prices are biased downward (undervaluation is the common case) and are not accurate. Although the COMBO1 and COMBO2 models perform significantly better than the other models, their estimated prices cannot be called unbiased and accurate. It is also difficult to argue that imputed residual income growth rates are preferable to the constant rate commonly used of 4%.
Some key implementation details are in order here. In implementing RIM and COMBO we first compare the sign of the firm's premium/discount at t, ( )
to the sign of the expected residual income in year 1 ahead ( )
or the opposite, we set P t (RIM) = P t (COMBO) = B t because there is inconsistency between the market's expectation and the forecasted residual income. We detected 9,153 such cases or 25% of our total observations of 36,532. Also, when residual income reverses sign within the horizon, [ ]
or the opposite, we stop the valuation at t+τ because, theoretically, a reversal in expected residual income implies that expected premiums/discounts have become zero and thus value is determined at the point of the reversal (see section 2). In this case P t (RIM)=P t (COMBO). In addition, when the sign of the terminal value is opposite to the sign of P t -B t we set the terminal value to zero and again P t (RIM)=P t (COMBO) for the same reason given above. We found 1,126 (3%) such cases.
In implementing COMBO1 using firm specific K S for all possible combinations of T and S, we found that for T=3 and S=1 COMBO1 displayed the lowest bias and highest accuracy (with a constant discount rate of 12%). Panel B An alternative way to examine bias in the estimated prices and whether they explain the cross sectional variation of actual market prices is regression analysis. For this we estimate regressions in which we regress the log of actual market price on the log of the estimated price. Thus the regression is:
If the estimated prices are unbiased, the intercepts will be equal to zero and the slopes will be equal to one. The results from this regression for all sample firms and for firms valued with the lowest error by one of the models (see below for details) are reported in the two columns of . COMBO2 yields the same regression results, as COMBO1 and thus we do not report them. The explanatory power of COMBO1 (and COMBO2) is quite similar to that reported by prior studies such as Francis et al. (2000) . For firms with the lowest errors, estimated prices have smaller bias and explain more of the variation in market prices (over 70%) than in the all firms' case.
We also estimate combined regressions and we report the results in corresponding columns of Table 2 
Explanations for the valuation errors
The main message of the above results is that none of the models performs well. Even in cases where a model performs better than the other models (Table 3) , estimated prices are biased and not accurate 17 . The poor performance may be due to one or more of the following reasons. One reason can be the models themselves. That is, the models do not summarize well the value implications of analysts' earnings forecasts. A second reason can be the quality of the earnings forecasts. That is, analysts' forecasts may be biased and inaccurate and this translates into biased and inaccurate value estimates. A third reason can be the quality of the GAAP earnings analysts try to predict. That is, analysts may do well in their predictions but within the analysts' forecast horizon accounting earnings do not convey the information the market requires to value a firm. A fourth reason can be market inefficiency. That is, market prices do not reflect the values implied by the analysts' forecasts summarized by the valuation models. We feel that the investigation of the above possible explanations is necessary in order to bring closure to the question of whether the use of analysts' earnings forecasts in accounting-based valuation models can lead to accurate and unbiased intrinsic prices. The remainder of this study we focus on the examining the quality of the forecasts and of the GAAP earnings as potential explanations of the biased and inaccurate results of the models. The examination of market efficiency and the development of superior models (or terminal values) are left for future research. prior studies investigating the accuracy and bias of analysts' earnings forecasts (see Brown (1993) for a review). The question now is whether these properties of the earnings forecasts affect the performance of the valuation models.
If the market uses the forecasts in an efficient manner, then it should adjust for the optimism and use additional information that is missing (inaccuracy) from the forecasts. We have no way of knowing whether and how the market adjusts for the analysts' optimism. Thus we assume that the market has perfect foresight (knows the earnings to be realized over the subsequent four years), and we implement COMBO using realizations of earnings, book values and dividends as in Penman and Sougiannis (1998) . If the market corrects the optimism in the forecasts then ex-post valuation errors should be lower than ex-ante valuation errors. Panels B and C of Table 4 report COMBO2 ex-post and ex-ante valuation errors respectively, for 17,364 sample firms that had both earnings realizations and forecasts over the period [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] . The results indicate that the ex-ante errors (both signed and absolute) are significantly lower than the ex-post errors in all four horizons. The implication is that the bias in the analysts' forecasts does not seem to cause the valuation errors.
We now examine whether a reason for the significant valuation errors is information missing from the earnings forecasts. That is, we test whether in the valuation process the market uses information beyond that conveyed by the fouryear earnings forecasts. From results in prior studies we are motivated to consider the following ex-ante variables (i) the current book-to-market ratio (BM), (ii) the current dividend-to-price ratio (DP), (iii) the current earnings-to-price ratio (SNA), and (xii) the change in the effective tax rate relative to the average effective tax rate in the last three years, multiplied by the change in earnings per share (ETR) 18 . In the literature, financial variables such as BM, EP, DP, and size have been related to pricing anomalies, e.g. Fama and French (1992) , Lakonishok et al. (1994) , and also to information about future profitability e.g. Penman (1996) . Since the market may use information about earnings beyond the analysts' four-year horizon, it is possible that these variables convey information not in analysts' forecasts and/or not in current financial statements. The variables INV, AR, GM, SNA, and ETR are the signals identified by Lev and Thiagarajan (1993) as been value relevant but shown by Abarbanell and Bushee (1997) as not (fully) reflected in analysts' earnings forecasts.
We associate the above variables to the signed and absolute valuation errors of RIM, CM, and COMBO1 using a regression equation. Since the relationship between the errors and these variables may be nonlinear, we specify a regression model that includes both linear and quadratic terms of the variables. We also include in the model year dummies to control for economy wide effects and industry dummies to control for industry specific variation of the errors. Next we examine the extent to which the quality of the GAAP earnings and book values is a potential explanation for the valuation errors. The practice of conservative accounting can affect the quality of the accounting numbers within the analysts' forecast horizon. Penman (1999) points out that the need for estimating terminal values can arise not only from earnings power (economic growth) but also from measurement error consistently applied in the measurement of earnings and book values of equity. Such consistent measurement error prevents premiums/discounts or changes in premiums/discounts from converging to zero and is usually the result of conservative accounting rules that are consistently applied. The implication is that the RIM and CM errors will increase in the level of conservatism while the COMBO errors will be invariant to the level of conservatism if the terminal values capture the conservatism effect.
A frequently discussed conservative accounting rule that introduces measurement error in both earnings and book values is the expensing of R&D expenditures mandated by SFAS No. 2. In this study we examine the valuation errors and characteristics of R&D firms in our sample to determine the extent of the error introduced by the expensing rule and its effect on the accuracy and bias of the estimated prices from each of the valuation models.
Since the expensing rule for R&D expenditures is considered as one of the most conservative accounting rules in U.S. GAAP, the examination of R&D firms is most likely to reveal the hypothesized effects. To test this we form two R&D portfolios by ranking our sample R&D firms on their R&D expenditures to book value of equity ratios (RDB). We expect larger errors (higher level of conservatism) for the above the median (high) RDB portfolio as more R&D capital will be missing from the book values of those firms relative to the below the median (low) RDB portfolio.
Panel A of Table 6 reports median valuation errors and descriptive statistics for the two RDB portfolios and for one non-R&D portfolio. The results show that both the signed and absolute valuation errors for all models of the high RDB portfolio are significantly larger than the errors of both the low RDB and non-R&D portfolios, consistent with our expectations (t-statistics are not reported). The descriptive statistics show that while the non-R&D and the low RDB portfolios are similar they both differ from the high RDB portfolio. The median values of BM, EP, and DP of the high RDB portfolio are significantly lower than the values of the other two portfolios, which is consistent with higher conservatism as RDB increases. However, they are also consistent with higher growth: the median PVRI, GR, K S and RI values of the high RDB portfolio are significantly larger than the corresponding values of the low RDB and non-R&D portfolios. This in turn implies that RDB captures both growth and conservatism effects.
We make an attempt to separate the two effects by classifying our R&D sample firms by growth, GR, and R&D-to-book, RDB. Specifically, in each RDB portfolio we first ranked the sample firms by GR and we divided them into five portfolios. Then, we ranked the firms in each GR portfolio by RDB and we divided those firms into five RDB portfolios.
Panel B (C) of Table 4 reports median COMBO1 absolute valuation errors for the 25 GR-RDB portfolios for firms with high (low) RDB. In both panels the errors increase across the growth portfolios (down the columns), indicating that the model does not fully capture growth regardless of the level of conservatism (although the error spread is smaller in panel C). However, across the RDB portfolios (the rows) the errors increase in Panel B but they are almost invariant in Panel C.
These patterns indicate that COMBO does not totally capture the effects of conservative accounting when its practice is most likely to be an issue (high RDB firms) 20 . The large error values in both panels B and C are consistent with information missing from the earnings forecasts. From the reported forecast errors it is clear that analysts have more difficulty in predicting earnings of high R&D intensity firms than earnings of non-R&D or low R&D intensity firms.
Another case where the quality of GAAP earnings and book values may be low within the analysts' forecast horizon is young firms reporting losses. For such firms there is not a long history of data for the analysts to detect patterns and the presence of losses increases uncertainty. Thus, earnings forecasting becomes more difficult and it is possible that profits cannot be predicted within the analysts' four-year forecast horizon. To test this we examine sample firms in the second year in the market (new firms) with losses in t and t-1. As a benchmark we use sample firms also in the second year in the market but with profits in t and t-1. Table 7 reports median valuation errors and descriptive statistics for the two sets of firms. The results show that the estimated prices of the loss firms are less accurate (but not always more biased) than the estimated prices of the profit firms. In addition, the descriptive statistics show significantly lower expected residual income over the horizon for the loss firms than for the profit firms. The zero median present value of the expected residual income (PVRI) for the loss firms clearly shows how little information is conveyed within the fouryear forecast horizon relative to the information the market has used to value the firms. The median forecast errors indicate that analysts have more difficulty in predicting earnings of loss firms than profit firms. However, even if analysts were less optimistic and more accurate it is clear that the four-year forecast horizon would not be sufficient to value the loss firms. The implication is that in such cases the forecast horizon must be extended beyond four years.
Conclusion
In this paper we examine the accuracy and bias of equity prices estimated from three alternative accounting based valuation models using multi-year analysts' earnings forecasts. Two of the models: the residual income model (RIM) and the earnings capitalization model (CM) do not use terminal values. The third model is a residual income model with a terminal value based on the combination of RIM and CM (COMBO). Our sample consists of a large number of publicly traded U.S. firms with analysts' earnings forecasts over a four-year horizon and covers the period 1981-98. Our analysis is based on valuation errors that are calculated by comparing estimated prices to actual prices.
We find that the three multi-period models perform significantly better than two one-period models based on current earnings and book values. Thus the earnings forecasts convey information useful in equity valuation. The monotonic decline in ex-post valuation errors shown by Penman and Sougiannis (1998) is also detected in the ex-ante errors of this study. This implies that the forecasts for all horizons provided must be used in valuation. We also find that the imputation and use of firm-specific expected residual income growth rates is not trivial. More importantly, we cannot find a clear advantage to using such rates instead of a constant rate of 4% across all sample firms. Although the combination model (COMBO) shows the best performance it does not dominate in all cases. Different models are appropriate for different firms. The conditions for choosing the appropriate model relate to ex-ante growth indicators such as the current book-to-market, earnings-to-price, dividend-to-price ratios, the present value of the expected residual income over the forecast horizon, the growth rate in expected earnings, and firm size.
In all models we find estimated prices to be, on average, biased and inaccurate. We examined two possible explanations for these results. The quality of the earnings forecasts and the quality of the GAAP earnings analysts try to predict. Our tests suggest that the bias in the earnings forecasts does not lead to poor model performance. Information missing from the forecasts is a reason for the poor performance. We identified a set of financial variables that correlate with the valuation errors and thus their information, although used by the market, is not fully reflected in the earnings forecasts. Since analysts' forecasts are inaccurate, information may be missing from the forecasts and/or the four-year analysts' forecast horizon is not as long as the market's horizon. We also find evidence that the poor model performance
relates to the quality of GAAP earnings. The earnings of young firms with losses are not very informative even if they are predicted with accuracy. A horizon longer than the analysts' four-year horizon must also be used. The use of conservative accounting such as the expensing of R&D expenditures reduces the information in book values and earnings of R&D intensive firms and thus requires forecast horizons longer than four years leading to poor model performance.
Additional explanations for the poor performance of the models deserve investigation. Of particular interest is the possibility of accurate model prices but inaccurate (inefficient) market prices. Another avenue for research is the development of better terminal value expressions.
Appendix
A Comparison of the Three Models
In the absence of premium/discount information the three models (1), (2), and (3) can be shown to systematically differ for a given finite horizon, t+T. Thus,
Relation (A1) indicates that when the present value of the residual income to the horizon is expected to be positive the capitalization model (CM) will result in higher values than the residual income model (RIM) 21 . Relation (A2) indicates that the opposite will be true when the present value of the residual income to the horizon is expected to be negative. Also, setting K s =1 and S=1 to simplify the analysis with COMBO,
Relation (A3) indicates that when the terminal value at the horizon is expected to be positive then COMBO will result in higher values than RIM. Relation (A4) indicates that the opposite will be true when the terminal value is expected to be negative. Finally,
Relation (A5) indicates that when the present value of the residual income to the horizon is expected to be positive and greater than the terminal value of the combination model at the horizon, the capitalization model (CM) will result in higher values than the combination model (COMBO). Relation (A6) indicates that when the inequalities reverse the CM prices will be lower than the COMBO prices.
Relations (A1)-(A6) indicate that for a given forecast horizon t+T the three models will yield three different prices. However, they do not indicate which of the three prices will be the most accurate. Clearly, the model that best captures expected premiums/discounts will yield the most accurate price. Discovering this is an empirical question that this paper addresses.
Footnotes 1 Ohlson and Zhang (1999) call for such an empirical comparison.
2 In comparing the models Penman and Sougiannis (1998) use ex-post while Francis et al. (2000) use ex-ante values of the fundamental variables.
3 Theoretically, when expected premium/discount forecasts at the horizon are available the two models will yield prices without error for any firm. However, in practice, the prediction of the expected premium/discount at the horizon is the exception not the rule. Value line seems to be an exception as it reports forecasted P/E ratios at the horizon. Abarbanell and Bernard (1996) , Claude et al. (2000) , and Francis et al. (2000) convert these expected P/Es into expected premiums/discounts and use them in estimating prices.
18 Effective tax rate is defined as tax expense divided by pretax income adjusted for amortization.
19 The year dummies are in all regressions significant. Some industry dummies are also significant indicating that the performance of the models varies by industry and thus the choice of the model should be made by taking into account not only key firm characteristics but also the industry a firm operates in.
20 The R&D to book ratio is a level variable and as such it can indicate cases where the R&D expensing rule affects book value. However, growth in R&D affects earnings calculated under the expensing rule. Thus, instead of RDB we used the growth in R&D (from t-2 to t) and repeated the analysis of Table 6 . The results are very similar to those reported in Table 6 .
21 For a given finite horizon t+T ( ) Indicates the four-year horizon errors are significantly lower than shorter horizon errors.
Indicates that the four-year horizon errors differ significantly across the five models. VE t T (.) = where P t is the market price at time t and P t T (.) is the model price for horizon T, T=1,2,3,4.
Combination Model with K s imputed from the firm's expected residual income.
S.D. = k* s =. One plus the one-year growth rate in expected residual income that yields zero valuation errors at horizon t+4, i.e., the firm specific rate that yields VE The combined BVM, ERM regressions are:
The combined ERM, RIM, CM regressions are:
The combined RIM, CM, COMBO1 regressions are:
where P it is the market price of firm i at time t, and P 4 it (.) is the model price of firm i using four-year earnings forecasts available at time t. log (P it ) = α + β log [P Generated lowest absolute valuation errors for 6,657 firm-years (18%) Generated lowest absolute valuation errors for 17,632 firm-years (48%)
Summary statistics for 36,532 firms with a four-year earnings forecast horizon partitioned into lowest absolute valuation errors generated by each valuation model.
TABLE 3
Generated the lowest absolute valuation errors for 3,505 firm-years (10%) Generated lowest absolute valuation errors for 4,578 firm-years (13%) Generated the lowest absolute valuation errors for 4,160 firm-years (11%)
RI t+τ =. Expected residual income at t+τ, τ=1, 2, 3, 4.
Notes Book-to-Market ratio at time t
The present value of expected residual income over the four-year forecast horizon Analysts' five year expected growth rate in earnings per share. One plus the one-year growth rate in expected residual income calculated as where is residual income at time t+τ.
Earnings-to-Price ratio at time t Dividends-to-Price ratio at time t Market Capitalization at time t Firm betas estimated from the market model at time t The remaining variables are defined in the notes to Table 3 . 
